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ABSTRACT 

The density and d is t r ibut ion  of in te r t ida l  aquatic p lants ,  par t icular ly  
F U C U S  s p . ,  in the Togiak area of Bristol Bay was examined during the spring 
and summer of 1978, 1979, and 1980. The study was i n i t i a t e d  t o  develop 
management object ives f o r  the rapidly expanding Bri st01 Bay herring spawn- 
on-kelp commercial f i shery .  

In ter t ida l  beach from Kulukak Bay t o  Togiak Bay was divided into 10 areas.  
Each area was measured fo r  length, width, and re la t ive  zonation above mean 
low water. Sample plots  were randomly selected throughout the area t o  
determine ground cover and density of aquatic plants.  Biomass estimates 
were calculated based on beach area and plant density. This sampling pro- 
cedure was repeated in selected areas over successive years .  

Approximately 90% of the beach was composed of exposed inorganic material .  
FUCUS sp. was the predominant organic ground cover and ranged in density 
from 19 g/m2 t o  1,244 g/m2. Biomass estimates f o r  FUCW sp. were calculated 
f o r  each area and ranged from 2,487 kg (area 1 , 1980) t o  258,254 kg (area 9 ,  
1979).  Confidence in tervals  around these point estimates were very large 
because of the large variance associated with density estimates within indi- 
vidual s t r a t a .  In a l l  areas where measurements were repeated in successive 
years ,  the biomass point estimate decreased although no s t a t i s t i c a l l y  val id 
differences could be found between years. 



INTRODUCTION 

P a c i f i c  h e r r i n g  (Clupea  h a r e n g u s  p a l l a s i )  spawn i n  t h e  Togiak area o f  B r i s t o l  
Bay a n n u a l l y  between l a t e  A p r i l  and e a r l y  June ( F i g u r e  1 ) .  T h e i r  adhes ive  
egcjs a r e  depos i ted  on b e n t h i c  f l o r a  a long  t h e  i n t e r t i d a l  and sha l l ow  sub- 
t i d a l  zones. A commercial f i s h e r y  t o  h a r v e s t  c e r t a i n  o f  these seaweeds laden 
w i t h  h e r r i n g  spawn (spawn-on- k e l p )  f o r  Japanese markets  has e x i s t e d  s i n c e  
1968 and has v a r i e d  between 10.1 and 414.7 thousand pounds (Tab le  1  ) .  Whi le 
t h e  monetary v a l u e  o f  t h e  spawn-on-kelp h a r v e s t  (Tab le  2 )  rep resen ts  o n l y  a  
smal l  p o r t i o n  o f  t h e  t o t a l  B r i s t o l  Bay h e r r i n g  f i s h e r y  ( l a s t  4 yea rs  < 6%),  
i n t e n s i v e  management and research  o f  t h i s  f i s h e r y  has become necessa ry  t o  
p r o t e c t  b o t h  h e r r i n g  spawn d e p o s i t i o n  and t h e  i n t e r t i d a l  community. I t  i s  
conce ivab le  t h a t  d i s t u r b a n c e  and ove rha rves t  o f  spawning s u b s t r a t e  w i t h  
a t tached  eggs c o u l d  reach  a  l e v e l  t h a t  would decrease t h e  a v a i l a b i l i t y  o f  
spawn s u b s t r a t e  and d r a s t i c a l l y  decrease t h e  biomass of a d u l t  h e r r i n g  f o r  t h e  
economica l ly  more i m p o r t a n t  sac r o e  f i s h e r y .  

The Commercial F i s h e r i e s  D i v i s i o n  o f  t h e  Alaska Department o f  F i s h  and Game 
(ADF&G) i n i t i a t e d  f i e l d  s t u d i e s  i n  1978 t o  determine t h e  e f f e c t  o f  t h e  spawn- 
on-ke lp  h a r v e s t  upon t h e  a q u a t i c  p l a n t  resource.  The o b j e c t i v e s  o f  t h e  s tudy  
were t o  q u a n t i f y  t h e  i n t e r t i d a l  d i s t r i b u t i o n ,  d e n s i t y ,  and biomass o f  ha rves t -  
a b l e  a q u a t i c  p l a n t s ,  w i t h  p a r t i c u l a r  i n t e r e s t  i n  rockweed (FUCUS s ~ . ) .  C l a r k  
and Bukl  i s  ( 1  978) i n i t i a t e d  research  on these resources and developed metho- 
o logy  f o r  assess ing t h e  s t a n d i n g  c r o p  o f  i n t e r t i d a l  a q u a t i c  p l a n t s .  They 
es t ima ted  t h e  biomass o f  i n t e r t i d a l  FUCUS i n  Me te rv i  k Bay ( F i g u r e  1 )  d u r i n g  
t h e  s p r i n g  o f  1978. These s t u d i e s  were expanded i n  1979 t o  i n c l u d e  t h e  e n t i r e  
c o a s t l i n e  f rom Kulukak Bay t o  t h e  e a s t e r n  edge o f  Togiak Bay. Resu l t s  f rom 
these i n v e s t i g a t i o n s  were used t o  develop o b j e c t i v e s  f o r  management o f  t h e  
B r i s t o l  Bay spawn-on-kel p  h a r v e s t  (McBride and C l a r k  1979). The A laska Board 
o f  F i s h e r i e s  adopted these  o b j e c t i v e s  a t  t h e  December 1979 meet ing  and d i r e c t e d  
ADF&G t o  r e g u l a t e  t h e  spawn-on-kelp h a r v e s t  a c c o r d i n g l y .  The i n t e r t i d a l  
a q u a t i c  p l a n t  biomass was es t ima ted  f o r  t h e  e a s t e r n  p o r t i o n  o f  Togiak Bay i n  
1980 and, a d d i t i o n a l l y ,  s e l e c t e d  areas s t u d i e d  i n  1978 and 1979 were reassessed. 

The o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  p r e s e n t  data  concern ing d e n s i t y  and d i s t r i -  
b u t i o n  o f  i n t e r t i d a l  a q u a t i c  p l a n t s  i n  t h e  Tog iak  area d u r i n g  t h e  s p r i n g  and 
summer o f  1978, 1979, and 1980. Est imates  o f  t h e  s tand ing  c r o p  o f  t h e  i n t e r -  
t i d a l  rockweed PUCUS sp. a r e  presented f o r  each o f  these years .  The format  
i s  i n tended  t o  p r o v i d e  an i n i t i a l  da ta  base f o r  d i s c u s s i o n  o f  d e n s i t y ,  d i s -  
t r i b u t i o n ,  abundance, and species compos i t i on  o f  i n t e r t i d a l  a q u a t i c  p l a n t s  
i n  t h e  Togiak area which  can be expanded as a d d i t i o n a l  da ta  i s  acqu i red  i n  
f u t u r e  yea rs .  

METHODS AND MATERIALS 

Beach Surveys 

Dur ing  t h e  s p r i n g  and summer o f  1978, 1979, and 1980, t h e  i n t e r t i d a l  beach 
f rom Kulukak Bay t o  Togiak Bay was surveyed and l o c a t i o n s  o f  ma jo r  rockweed 
beds were mapped. I n d i v i d u a l  beach areas (K-areas i n  F i g u r e  1  ) were paced 





Table 1.  Harvest and e f f o r t  f o r  the Bri s t01 Bay herring spawn-on- kelp 
f i s hery between 1968 and 1981 . 

-- 
Harvest Number of Harvest per 

Year (pounds) I fishermen f -- i s herman 

1968 54,600 1 54,600 

1969 10,100 3 3,400 

1970 38,900 5 7,800 

1971 51 ,800 1 2  4,300 

1972 64,200 12 5,300 

1973 11,600 10 1,200 

1974 125,600 2 6 4,800 

1975 111,100 4 4 2,500 

1976 295,800 4 9 6,000 

1977 275,800 75 3,700 

1978 329,900 160 2,100 

1979 41 4,700 100 4,100 

1980 189,700 7 8 2,400 

1981 378,200' 108 3,500 

TOTAL 2,352,000 683 3,440 

Preliminary data. 

Table 2 .  Comparison of the r e l a t ive  ex-vessel value of the Bristol Bay 
herring spawn-on- kel p and sac roe f i sheri es  between 1977 and 1981 . 

Val ue : Percent of to ta l  value: 
Year Spawn-on- kel p Sac Roe1 Spawn-on- kel p Sac Roe 

1977 $1 16,000 $ 446,000 2 1 7 9 

Includes a minor amount of food and b a i t  herring in 1980 and 1981. 

Preliminary data. 



to roughly estimate beach length and a l l  t ransects  were measured to  provide 
estimates of beach width. The area of each beach was estimated by multi- 
plying beach length by the average beach width. A randomized sampling 
design was employed to  se lect  t ransects  f o r  study within each of the 10 
beach areas containing rockweed. Locations for  the transects  were selected 
with the use of a random number table on the basis of distance from the 
eastern boundary of each K-area. Two transects  were also selected perpen- 
dicular to  each other on an in te r t ida l  island in Metervik Bay. 

A t  each transect  location,  a surveyor's measuring tape was used to  measure 
the perpendicular distance from the high water mark t o  the water 's  edge. 
Each transect  was roughly s t r a t i f i e d  by eye according to t idal  height. The 
s t r a t a  or  beach zones identif ied were 4.9 t o  3.7 m (16 to  12 f t ) ,  3.7 to  2 . 4  
m (12 to 8 f t ) ,  2.4 to 1.2 m (8  t o  4 f t ) ,  and 1 . 2  to  0 m (4 to  0 f t )  above 
mean low water. The to ta l  area of each of these four beach zones within 
each K-area was calculated based upon beach length and estimates of zone 
width in a manner similar to  that  described above. Individual sample plots  
were selected along each transect  with the aid of a random number table .  
The sample unit ( p lo t )  was a 0.372 m 2  section of the substrate in 1978, 
whereas each sample unit was 0.250 m 2  section in area in 1979 and 1980. 
Percent ground cover by inorganic (e.g.  , rock, mud, sand) and organic ( e .  g .  , 
the macrophytes, FUCUS sp . ,  Laminaria sp. ) substrate type was visually e s t i -  
mated. All plants were removed, separated by species,  washed clean of 
attached eggs, and weighed to the nearest 0.1 gram. 

Tidal Height Adjustment 

Transects were sampled within a time frame from 1 hour before to  1 hour a f t e r  
book low t ide  l i s t ed  fo r  Black Rock, Walrus Islands, Alaska. Because not a l l  
t ransects  were sampled a t  actual book low water, a model of t ida l  height 
fluctuations through time was necessary t o  adjust biomass estimates for  tran- 
sects  sampled a t  times other than low t ide  and to  bet ter  determine which 
t idal  zone s t r a t a  a part icular  plot  was actually located. Deviations of 
t idal  height from book time was measured for  the Togiak area in 1978 and 
1979. Approximately 1 hour before book low t i d e ,  a measuring s t i ck  was s e t  
into the substrate in approximately 0.5 m of water. Water height was measured 
every 5 minutes thereaf ter  fo r  a period of 2 hours. These data were used to 
calculate water surface height a t  the completion of each transect  based upon 
Alaska Daylight Savings Time. 

Density and Biomass Calculations 

Density estimates were calculated for ~ u c u s  sp. ,  Zostra sp . ,  Laminaria sp . ,  
and other algae found in the in te r t ida l  zone as follows: 

The probability of sampling a plot within stratum i ,  with no organic material 
( i . e . ,  a 'zero p l o t ' )  i s  estimated by 

where N .  i s  the to ta l  number of sampled plots within ni, 
1 

z i s  the number of zero plots within A? ,  
i 



" 

and t h e  variance of pi i s  estimated by 

Therefore,  the estimated proportion of zero p lo t s  on the e n t i r e  beach i s  

2' 2  2 

with an estimated variance of S- =,I w.s- . 
p 1=1 1 p 

Here, w .  i s  the proportion of beach area in  stratum i :  
1 

where A .  i s  the area ( m z )  of straturn i. 
1 

The estimated long-density of organic material  f o r  a l l  non-zero p lo t s  in  
stratum i i s  

where x i s  the natural logarithm of the  biomass densi ty  b i n  p lo t  j of 
i i i i 

stratum ( q / m 2 ) ,  and K ,  i s  the number of non-zero p lo t s  i n  itraturn i: 
1 

and 
K = N  - Z  
i i i 

The variance of x. i s  estimated by: 
1 

Therefore, the estimated log-density of organic material  f o r  a l l  non-zero 
p lo t s  on the e n t i r e  beach i s  

- 4 - 
x = c  w x  and 

i i 
i =l 



The es t ima ted  average d e n s i t y  ( k g / n 2 )  o f  o rgan ic  m a t e r i a l  f o r  s t ra tum i i s  

and t h e  es t ima ted  average d e n s i t y  ( k g / n 2 )  o f  o rgan ic  m a t e r i a l  f o r  t h e  e n t i r e  
beach i s  

Biomass es t ima tes  were u l t i m a t e l y  c a l c u l a t e d  by m u l t i p l y i n g  t h e  a p p r o p r i a t e  
p l a n t  d e n s i t y  p e r  square meter  by t h e  e s t i m a t e  o f  beach area. 

RESULTS AND DISCUSSION 

Phvsi c a l  Measurements and Sample S i  t e s  

About 75 km o f  beach e a s t  o f  t h e  v i l l a g e  o f  Togiak,  Alaska was measured t o  
determine l e n g t h ,  w i d t h ,  and r e l a t i v e  z o n a t i o n  above mean low water .  The 
m a j o r i t y  of  t h e  beach was c h a r a c t e r i s t i c a l l y  o n l y  exposed f o r  a  s h o r t  t i m e  
d u r i n g  low t i d e .  The 2.4 t o  1.2 m and t h e  1.2 t o  0  m  t i d a l  zones con ta ined  
t h e  l a r g e s t  area,  and average o v e r a l l  beach w i d t h  v a r i e d  f rom about  50 t o  
300 m (Tab le  3 ) .  The 75 km o f  beach represented about  600 hectares  of area 
w i t h i n  wh ich  353 t r a n s e c t s  were l a i d  o u t  ove r  t h e  3 yea rs  of t h e  s tudy  
a l l o w i n g  2,390 p l o t s  t o  be l o c a t e d  i n  a  random f a s h i o n  (Tab le  4 ) .  

T i d a l  Measurements 

The t i d a l  d e v i a t i o n  measurements o f  30 May 1978 i n d i c a t e d  t h a t  low t i d e  a t  
M e t e r v i k  Bay was 16 minutes  e a r l i e r  t han  t h e  p r e d i c t e d  t i d e  book t i m e  l i s t e d  
w h i l e  t h e  measurements o f  1  June 1978 i n d i c a t e d  a  d e v i a t i o n  o f  13 minutes  
e a r l i e r  t han  p r e d i c t e d  t i m e  (Tab le  5 ) .  The f i n a l  e s t i m a t e  o f  t i d a l  d e v i a t i o n  
used f o r  a n a l y s i s  o f  da ta  c o l l e c t e d  i n  1978 was 15 minutes  b e f o r e  p r e d i c t e d  
low t i d e .  

E i g h t  separa te  t i d a l  d e v i a t i o n  measurements were made i n  1979. The r e s u l t s  
ranged f rom d e v i a t i o n s  o f  12 minutes  b e f o r e  t o  15 minutes  a f t e r  p r e d i c t e d  
low t i d e  w i t h  an average d e v i a t i o n  o f  1.5 minutes  a f t e r  p r e d i c t e d  low t i d e .  
As no t r e n d s  were observed i n  t h e  da ta  t o  e x p l a i n  t h e  l a r g e  v a r i a t i o n  i n  t h e  
r e s u l t s ,  i t  was concluded t h a t  d e v i a t i o n s  i n  t i d a l  f l u c t u a t i o n s  i n  t h e  Toaiak 
area f rom book t imes were l a r g e l y  t h e  r e s u l t  o f  weather.  Weather p a t t e r n s  
were n o t  mon i to red  and no a t tempt  was made t o  model t i d a l  d e v i a t i o n s  a g a i n s t  
o t h e r  v a r i a b l e s .  There fore ,  book t imes  were used f o r  an es t ima te  o f  t ime  of 
low t i d e  i n  1979 and 1980. 

T i d a l  h e i g h t  o f  t h e  h i g h  wa te r  beach l i n e  was es t ima ted  a t  4.9 m  (16 f t )  
based on book h i g h  wa te r  l i s t e d  f o r  B lack  Rock, l o c a t e d  on t h e  Walrus I s l a n d s ,  
B r i s t o l  Bay, Alaska. Water h e i g h t  a t  t h e  l ower  end o f  each t r a n s e c t  was c a l -  
c u l a t e d  based on: ( 1 )  t i m e  and wa te r  depth  a t  t h e  lower  end o f  each t r a n s e c t  
as i t  was completed, ( 2 )  suggested book t i m e  and t i d a l  h e i g h t ,  and ( 3 )  t i d a l  
d e v i a t i o n  da ta  c o l l e c t e d  a t  M e t e r v i k  Bay (1978 data  o n l y ) .  



Table 3. Es t imated  l e n g t h  and ave rage  w i d t h  o f  beach f o r  areas K-1 t o  K-10, 1978 th rough 1980. 

Year Average width  o f  beach i n  me te r s  Length o f  
K- Area sampl ed 4 .9  t o  3 .7  3 .7  t o  2 .4  2 . 4  t o  1 .2  1 . 2  t o  0 Tota l  beach ( m )  

I n t e r t i d a l  
i  s l a n d l  1978 

S i z e  of i n t e r t i d a l  i s l a n d  n o t  c a l c u l a t e d  d u r i n g  1979 and 1980. 
2 Western edge o f  Metervi k Bay t o  e a s t e r n  edge o f  Eagle Bay. 



Table 4. Number of t r a n s e c t s  and sample p l o t s  examined by beach zone f o r  a reas  K-1 t o  K-10, 1978 through 
1 980. 

Year Number of Number of sample p l o t s  wi thin  each beach zone 
K- Area sampled t r a n s e c t s  4.9 t o  3.7 m 3.7 t o  2.4 m 2.4 t o  1.2 m 1 .2  t o  0 m Total 

1 1979 
1 1980 
2 1978 

I n t e r t i d a l  I s .  1978 
I n t e r t i d a l  Is . '  1979 
I n t e r t i d a l  I s . '  1980 

3 1979 
3 1979 
3 1980 
4 1979 
5 1979 
6 1979 

Total 

Beach regions not determined i n  1979 and 1980, 

2 Western edge of Metervik Bay t o  e a s t e rn  edge of  Eagle Bay. 





Density Estimates 

Approximately 90% of the in te r t ida l  beach was composed of exposed inorganic 
matter (Table 6 ) .  FUCUS sp. was the predominant organic groundcover. 
Laminaria sp. (ribbon kelp) and zostera sp. (eel grass)  were eas i ly  identi-  
f i ed ,  b u t  were present only in small amounts. The remaining "organic" 
groundcover was combined in an "other" category and includes Rhodomela sp. 
(red a1 gae) , Halososcion, Ulva, Cladophoa, Sytosiphon, as we1 1 as several 
other genera of red, green, and brown algae. 

Aquatic plant density within each beach zone of each K-area was estimated 
(Table 7 ) .  Average weight of FUCUS sp. ranged from 19.0 g/mZ in K-area 1 
to  1,244.1 g / m Z  on the in te r t ida l  island. The larges t  density value by K- 
area fo r  Laminaria sp. ,  zostera sp . ,  and "other" aquatic plants was 423.8,  
30.5, and 148.9 g/m2, respectively. 

Biomass Estimates 

Biomass estimates fo r  FUCUS sp . ,  with corresponding confidence in te rva l s ,  were 
calculated by combining the average density and to ta l  area by K-area (Table 8 ) .  
The large variance in density estimates within individual s t ra ta  resulted in 
very large confidence intervals .  In a l l  areas where measurements were repeated 
in successive years,  the point biomass estimate decreased; however, no s t a t i s -  
t i c a l l y  s ignif icant  differences could be found between years. Some of the 
variation observed in the biomass estimates may be due to  insuff ic ient  sampling 
and/or seasonal changes in the plants. 
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Table  6 .  Average p e r c e n t  ground cove r  v i s u a l l y  e s t i m a t e d  a long  beach a r e a s  K-1 through K-10. 

Number Organic c o v e r :  Ino rgan ic  cove r ;  
Year Beach of p l o t s  ~ucus Laminaria Zostera 

k- Area sarnpl ed r eg ion  (rn) examined sp. sp. s p .  Other  To ta l  Mud Sand Gravel Rock Total  

1 1979 4 .9  t o  3.7 13  t r  3 3 28 6 3 97 
1 3.7 t o  2 .4  2 0 7 1 8 4 27 6 1 '32 
1 2 . 4  t o  1 . 2  17 5 t r  2 7 4 16 7 3 93 
1 1 .2  t o  0 4 38 3 8 62 6 2 
1 4 .9  t o  0 54 11 t r  2 1 3  3 1 8  6 6 8 7 

I n t e r t i d a l  Is. 1978 2 .4  t o  1 . 2  3 5 16  t r 2 1 8  28 54 8 2 
1 .2  t o  0 50 5 1 t r  4 10  38 4 1 11 90 
2 .4  t o  0 85 10 t r  t r  3 1 3  22 3 6 2 9 87 

I n t e r t i d a l  I s .  1979 2.4 t o  0 2 8 10 t r  1 11 7 42 40 89  
I 

5 I n t e r t i d a l  I s .  1980 2 .4  t o  0 3 3 7 t r  2 9 t r  62 2 9 9 1 



Table 6. Average pe rcen t  ground cover v i s u a l l y  es t ima ted  along beach a r e a s  K-1 through K-10 (con t inued) .  

Number Organic cover :  Inorganic c o v e r :  
Year Beach o f  p l o t s  ~ u c u s  Laminaria Zostera 

K- Area sampled region (m) examined sp .  sp .  s p .  Other Total Mud Sand Gravel Rock Total 

4 1979 4.9 t o  3.7 4 9 t r t r 2 1 30 49 100 
4 3.7 t o  2.4 5 1 9 t r 1 10  16 32 4 2 90 
4 2.4 t o  1.2 7 6 10 3 3 15 17 13 26 2 9 85 
4 1.2 t o  0 86 15 t r 4 19 16 13 8 4 4 8 1 
4 4.9 t o  0 262 10 t r 1 2 13 12 14 2 1 40 87 

5 1979 4.9 t o  3.7 25 2 0 2 7 53 100 
5 3.7 t o  2.4 33 t r t r 18 2 1 6 1 100 
5 2.4 t o  1.2 49 14 1 15 1 10 19 5 5 84 
5 1.2 t o  0 69 14 5 1 2 22 28 14 9 27 7 8 
5 4.9 t o  0 176 10 2 1 1 14 14 14 15 43 8 6 

6 1979 4.9 t o  3.7 3 1 3 9 6 1 100 
6 3.7 t o  2.4 3 6 12 t r 12 2 26 6 0 88 
6 2.4 t o  1.2 2 2 30 2 32 18 5 0 6 8 
6 1.2 t o  0 15 2 1 2 23 3 0 25 22 77 

L 6 4.9 t o  0 104 18 1 19 8 26 4 7 81 
N 

7 1979 4.9 t o  3.7 2 4 4 4 4 10 82 96 
7 3.7 t o  2.4 2 1 16 14 1 3 1 5 7 5 7 6 9 
7 2.4 t o  1.2 4 1 2 3 t r t r 23 39 1 8 2 9 7 7 
7 1.2 t o  0 2 1 13 13 29 36 2 2 8 7 
7 4.9 t o  0 107 15 t r  4 t r  19 20 13 6 4 2 81 

8 1979 4.9 t o  3.7 4 5 1 1 2 14 8 3 9 9 
8 3.7 t o  2.4 2 9 4 4 3 16 27 50 96 
8 2.4 t o  1.2 55 4 5 t r  9 33 5 16 37 9 1 
8 1.2 t o  0 93 2 3 1 3 27 25 8 9 3 1 7 3 
8 4.9 t o  0 222 14 2 2 18 21 8 13 4 0 8 2 

9 1979 4.9 t o  3.7 9 10 46 44 100 
9 3.7 t o  2.4 13 15 54 3 1 100 
9 2.4 t o  1.2 24 8 8 2 42 16 3 2 92 
9 1.2 t o  0 89 18 t r  1 19 31 23 3 24 8 1 
9 4.9 t o  0 135 14 t r  t r  14 23 25 11  2 7 86 

10 1980 4.9 t o  3.7 4 t r t r  100 100 
10 3.7 t o  2.4 7 16 16 7 14 6 3 84 
10 2.4 t o  1.2 2 2 12 1 13 4 9 13 6 1 8 7 
10 1.2 t o  0 4 9 1 1  1 1 13 25 9 4 4 9 87 
10 4.9 t o  0 82 11  t r  1 12 16 8 7 5 7 8 8 

Western boundary o f  Metervik Bay t o  e a s t e r n  boundary of  Eaqle Bay. 



Table 7 .  Es t imated  d e n s i t y  of  i n t e r t i d a l  p l a n t s  found i n  beach a r e a s  K-1 
th rough  K-10. 

Mean d e n s i t y  i n  grams p e r  m 2  

Year Beach ~ u c u s  L a m i n a r i a  Z o s t e r a  
K- Area sampled r eg ion  (m) sp. s p .  s p .  Other  

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

I n t e r t i d a l  
I s l a n d  

I n t e r t i d a l  
I s l a n d  

I n t e r t i d a l  
I s l a n d  

2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 3 

3 
3 
3 
3 

3 
3 
3 3 

3 
3 

4 
4 
4 
4 
4 

4 .9  t o  3 .7  
3.7 t o  2.4 
2 .4  t o  1 . 2  
1 .2  t o  0 
Tota l  

4 .9  t o  3 .7  
3 .7  t o  2 .4  
2 .4  t o  1 . 2  
1.2 t o  0 
Tota l  

4 .9  t o  3 .7  
3.7 t o  2 .4  16.1 
2.4 t o  1 .2  36 .3  
1 . 2  t o  0 158.1 47 .O 
Tota l  117.0 47.0 

4 .9  t o  3 .7  
3.7 t o  2 .4  151.0 
2.4 t o  1.2 387.6 
1 .2  t o  0 514.4 77.6' 
To ta l  252.1 77 .6  

4 . 9  t o  3 .7  
3.7 t o  2 .4  102.4 
2 .4  t o  1 . 2  544.9 0 .2  
1 . 2  t o  0 795.4 
Tota l  312.3 0.2 

4 . 9  t o  3 .7  
3.7 t o  2.4 51.2 
2 .4  t o  1 .2  26.4 
1 . 2  t o  0 145 .3  7.4' 
Tota l  37.2 7 .4  

4 .9  t o  3.7 27 .5  
3.7 t o  2 .4  632.2 
2.4 t o  1 . 2  571.9 
1.2 t o 0  1 ,048 .3  2 . 3  
To ta l  247.3 2.3 



Table 7.  Est imated d e n s i t y  o f  i n t e r t i d a l  p l a n t s  found i n  beach areas K-1  
th rough K-10 (con t inued) .  

- 

Mean d e n s i t y  i n  grams per  m2  
Year Beach ~ u c u s  Laminaria Zostera 

K- Area sampled r e g i o n  (m) sp. SP- SP. Other 

5 1979 4.9 t o  3.7 
5 3.7 t o  2.4 
5 2.4 t o  1.2 658.1 23.0 
5 1.2 t o  0 1,061.2 423.8 2.7 97.5 
5 T o t a l  507.5 423.8 2.7 55.5 

6 1979 4.9 t o  3.7 
6 3.7 t o  2.4 535.4 
6 2.4 t o  1.2 1,756.1 
6 1 . 2 t o O  1,585.8 148. g7 
6 T o t a l  878.1 0 0 148.9 

7 1979 4.9 t o  3.7 209.2 
7 3.7 t o  2.4 1,230.0 
7 2.4 t o  1 .2  1,678.0 5.4 16.g2 
7 1.2 t o  0 849.8 

To ta l  597.1 5.4 0 16.9 

8 1979 4.9 t o  3.7 
8 3.7 t o  2.4 76 .6 l  
8 2.4 t o  1.2 198.6 67.1 
8 1 . 2 t o O  1,006.1 30.54 166.9 
8 T o t a l  330.3 0 30.5 102.3 

9 1979 4.9 t o  3.7 
9 3.7 t o  2.4 
9 2.4 t o  1.2 627.5 
9 1 . 2 t o O  1,003.4 2.5 16 .2  
9 T o t a l  623.2 0 2.5 16.2 

10 1980 4.9 t o  3.7 
10 3.7 t o  2.4 5,593.6' 
10 2.4 t o  1.2 1,527.8 10.4 
10 1.2 t o  0 550.6 3.2 13.0 
10 T o t a l  322.1 0 3.2 10.4 

Beach r e g i o n  combined, 4.9 t o  2.4 m. 
2 Beach r e g i o n  combined, 3.7 t o  1.2 m. 
3 Western boundary o f  M e t e r v i k  Bay t o  e a s t e r n  boundary o f  Eagle Bay. 

Beach r e g i o n  combined, 2.4 t o  0 m. 
Beach r e g i o n  combined, 3.7 t o  2.4 and 1.2 t o  0 m. 
Beach r e g i o n  combined, 4.9 t o  2.4 m. 
Beach r e g i o n  combined, 3.7 t o  0 m. 



Table 8 .  Estimated biomass of FUCUS sp. along the i n t e r t i d a l  beach of areas 
K-1 through K-10. 

Year Beach Bior;iass in kilograms 
K- Area sampled area in m 2  Estimate 80% confidence interval  

K- 1 1979 127,300 15,823 4,634 t o  52,091 

K- 1 1980 130,900 2,487 812 to  7,317 

In ter t ida l  I s .  1978 68,900 85,718 3,183 t o  2,296,520 

In ter t ida l  I s .  1979 68,900 20,884 2,983 t o  139,791 

In ter t ida l  I s .  1980 68,900 

K- 2 1978 2,148,000 

K- 3 1979 625,500 

K-3l  1979 31 9,300 

K- 3 l  1980 21 3,200 

K- 4 1979 637,500 

K- 5 1979 464,500 

K- 6 1979 206,200 

K- 7 1979 316,100 

K- 8 1979 601 ,700 

Western boundary of Metervi k Bay t o  eastern boundary of Eagle Bay. 
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